Objective : The purpose of this retrospective study is to determine the accuracy of maximum intensity projection (MIP) images of computed tomographic angiography (CTA) for diagnosis of cerebral vasospasm (CV) following subarachnoid hemorrhage (SAH) compared with that of digital subtraction angiography (DSA). Materials and Methods : For patients admitted to our hospital for SAH, MIP images of CTA and DSA were checked at admission, and images were taken again 1 week later. This protocol was used in 39 cases. MIP images of CTA and DSA examinations were reviewed by two independent readers.
INTRODUCTION
Cerebral vasospasm (CV) is a major cause of mortality and morbidity in patients with subarachnoid hemorrhage (SAH). 10) Therefore after a SAH, during the period in which CV frequently occurs, accurate diagnosis is helpful in early treatment and it is ultimately possible to assist in the neurological recovery of the patient. 12) There are several methods for diagnosis of CV.
Digital subtraction angiography (DSA) has been the gold standard diagnostic test, 20) however, its total complication rate is approximately 5% with a permanent stroke rate of approximately 0.5% to 1%.
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Thus there is a significant demand for noninvasive alternatives for accurate detection of CV. 20) Transcranial
Doppler sonography (TCD) is a noninvasive method for detection of vasospasm which has shown high sensitivity and specificity compared with DSA, 13) however, its operator dependence and difficulty in accurately detecting vasospasm at sites other than the proximal middle cerebral artery (MCA) limit its use to a screening method only. 1) While magnetic resonance angiography (MRA) can be used as an alternative, there are many disadvantages to this method, including a decrease in the visualization of the distal segment.
Computed tomographic angiography (CTA) has also been developed to provide clear vascular images, and it can detect CV after SAH with high sensitivity and specificity. 14) Also with the recent advancement in maximum intensity projection (MIP) imaging, CTA can obtain a more accurate and clearer image than before in a relatively short amount of time. The purpose of this article is to perform a retrospective study on the accuracy of MIP images of CTA for the diagnosis of CV following SAH compared to that of DSA. Table 1 ). The duration between the MIP images of CTA and DSA examinations was an average of 15.7
MATERIALS AND METHODS

Patient selection
hours (12-21) and did not exceed 24 hours and no treatments for vasospasm were administered between the examinations. In the case that several parts in one segment had been narrowed, the narrowest part was referenced. Segments that could not be analyzed for artifacts due to coils or clips were excluded (Fig. 1 ).
There was a two-week period between analysis of the MIP images of CTA and DSA images of the patient.
Statistical analysis
The MIP images of CTA and DSA examinations were analyzed for sensitivity, specificity, and accuracy, and predictive values were also calculated. Kappa analysis was used to assess the strength of inter-observer agreement for various arterial segments.
RESULTS
Patients' characteristics
The K values of the two readers were 0.553 for reader 1 and 0.562 for reader 2 (Table 6 ).
DISCUSSION
The presence of significant vasospasm carries the risk of stroke, thus the role of imaging in these patients is not only to reach a diagnosis of vasospasm but mainly to make an appropriate clinical decision regarding the most suitable treatment. 12) DSA is considered the standard method to confirm the diagnosis of vasospasm. 16) The major advantage of DSA lies in its accuracy and the capacity to immediately perform endovascular treatment by balloon angioplasty and/or intra-arterial injection of vasodilatory drugs. 19) However, this procedure is invasive and is not always available in critically ill patients and not without its own risk. ity at the expense of not detecting mild or moderate vasospasm.
However, in this study the degrees of vasospasm were categorized according to normal, mild, moderate, and severe. As a result, in the case of moderate and severe vasospasms, it was confirmed that sensitivity and specificity were high, and in the case of normal and mild vasospasms, it was confirmed that sensitivity and specificity were relatively lower. The fact that the accuracy of the moderate and severe vasospasms was very high is considered the most important findings of this study (Fig. 2) . This signifies that a moderate and severe vasospasm in the MIP images of CTA has a high probability of also being a moderate and severe vasospasm in DSA as well, respectively. In other words, it can be concluded that Therefore, there is a need for future research in the area of modalities such as perfusion CT. Third, the patients included in the research protocol were in relatively good clinical states. In other words there was a high probability of CV in patients who were not in good clinical states, resulting in the limitation that these patients were excluded from the study. Fourth, the low power of statistics due to the small study population was a major limitation of our study. 
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